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Abstract 
Global reductions in large carnivore populations have likely 
contributed to range expansions by some mesopredators; 
however, it remains unclear to what extent these smaller 
carnivores can ecologically replace large carnivores. To test this 
replacement hypothesis, I used diet studies and cause-specific 
ungulate mortality studies to compare the dietary ecology of 
coyotes and wolves in eastern North America, a region which 
coyotes colonized in the last 120 years in the wake of wolf 
extirpation. Broadly, I found that coyotes had more diverse diets 
than wolves, but southeastern coyote diets were more similar to 
red wolves than northeastern coyote diets were to northeastern 
wolves.  

 

© Jensen (2025), Stacks Journal, DOI 10.60102/stacks-25011  Page 1 of 33 

 

https://orcid.org/0000-0003-0340-7765


 

 
Abstract photo. Can coyotes fill the ecological role of wolves in 
eastern North America? I compared the dietary ecology of these canids 
by quantifying their diet across trophic levels, size of mammals in their 
diet, and cause-specific ungulate mortality. See Figure 1 for photo 
credit. 
 
Across both regions, primary producers (i.e., fruit) were much 
more common in coyote samples (25-33%) compared to wolves 
(2-3%). In contrast, medium-sized herbivores (i.e., beaver, nutria) 
were much less common in coyote samples (10-13%), compared to 
wolves (45%). Coyotes ate smaller mammals than northeastern 
wolves, likely driven by their inability to kill the largest ungulates. 
Indeed, coyotes were not documented killing any moose in the 
mortality studies I reviewed, while wolves were responsible for a 
significant portion of adult moose and calf mortality. In the 
northeast, coyotes were responsible for more white-tailed deer 
fawn mortality (28% vs. 15% for wolves) and a similar percentage of 
adult mortality (18-22%). In the Southeast, coyotes were 
responsible for 40% of fawn mortality and 6% of adult deer 
mortality. These results suggest that coyotes and wolves have 
different but complementary impacts on white-tailed deer age 
classes, with predation risk from coyotes more temporally 
constrained and weaker indirect effects from coyotes related to 
killing adult large herbivores. Taken together, I show that coyotes 
likely have broader ecological effects than wolves, but the lack of 
evidence that they can regularly kill several important mammal 
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species (moose, beaver, nutria) suggests that their capacity to 
replace wolves is restricted, particularly in the northeast. 
 
Keywords: coyote, diet, large carnivore, Mesopredator, top-down 
effects, wolf 

 

 
Introduction 
Humans have facilitated dramatic changes in species distributions in the 
last several hundred years (Wolf & Ripple 2017), including contractions and 
expansions for 52% and 22% of mammal species, respectively (Pacifici et 
al. 2020). In some cases, these responses can be predicted by species 
traits; for example, biotic homogenization leads to a gradual replacement 
of communities of specialists with fewer (non-native) generalist species 
that are better able to tolerate humans (McKinney and Lockwood 1999). 
While it is clear that community assemblages have changed, it often 
remains unclear to what extent these new species can fill the ecological 
roles of species which have disappeared. Quantifying how the role of 
expanding species differs from those that have contracted is critical to 
understanding the consequences of humans changing ecological 
communities. 
 
Global range contractions of large carnivores (> 14.5 kg) have received 
particular attention, including the ecological consequences of their 
disappearance (Ripple et al. 2014). Large carnivores can suppress 
populations within lower trophic levels, both directly through killing (Estes 
et al. 2011) and indirectly by changing other species’ behavior (Creel et al. 
2007). Thus, the absence of many large carnivores across large portions of 
their historical range (Wolf and Ripple 2017) has led to speculation about 
how ecosystems have changed. For example, the mesopredator release 
hypothesis predicts that the decline of large carnivores should lead to 
increases in smaller carnivore populations (Soulé et al. 1988), which could 
negatively impact prey species of these smaller carnivores (Ritchie and 
Johnson 2009). While rigorous evidence in support of this hypothesis is 
limited (Jachowski et al. 2020, Castle et al. 2023), the disappearance of 
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large carnivores has likely facilitated range expansion for some 
mesopredators across the globe (Prugh et al. 2009, Arnold et al. 2012, 
Hody & Kays 2018). 
 
This situation raises an important question: to what extent can smaller 
carnivores ecologically replace large carnivores? This is also a timely question 
as large carnivores recolonize portions of their former ranges (LaRue et al. 
2012, Chapron et al. 2014) and wildlife managers try to decide where to 
facilitate recovery via reintroductions. Regardless, there will likely be large 
portions of large carnivore ranges never recolonized, due to a lack of 
ecological or social support (Bruskotter & Wilson 2014, Carter & Linnell 
2016). Thus, understanding the extent to which smaller carnivores fill their 
ecological roles could be an important consideration when making 
decisions related to facilitating large carnivore recovery. 
 
Although carnivore ecology is multi-faceted, dietary ecology can provide 
key insights when comparing trophic effects from large and smaller 
carnivores. For example, carnivores vary in their dietary diversity, with 
implications for the degree to which they interact with other trophic levels 
(Ferretti et al. 2020). Indeed, carnivore size has been shown to be an 
important predictor of what they eat, as large carnivores often rely on prey 
at least as big as them (> 20 kg), while smaller carnivores can be sustained 
on prey smaller than themselves (Carbone et al. 2007). Thus, generalist 
small carnivores will likely consume food from more trophic levels than 
larger carnivores (Marneweck et al. 2022), thereby perhaps having reduced 
impacts on the prey populations that larger carnivores are more 
specialized on. In particular, many large carnivores regularly kill large 
herbivores, which may be a distinct role not filled by smaller carnivores 
(Benson et al. 2017, Prugh & Sivy 2020). Yet this could be complicated by 
changes in vulnerability as large herbivores age, as some smaller 
carnivores are much better at killing them when the herbivores are young 
(and not yet very large; Annear et al. 2023). Comparisons could also be 
complicated by the fact that many smaller carnivores are facultative 
scavengers (Prugh and Sivy 2020), making diet data alone insufficient to 
understand direct effects on prey populations.  
 
To better understand the extent to which smaller carnivores can 
ecologically replace large carnivores, I compared the dietary ecology of 
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wolves (Canis lupus, Canis lycaon, and Canis rufus) and coyotes (Canis 
latrans) across eastern North America. Prior to the 1800s, wolves roamed 
across most of North America and coyotes were restricted to the western 
2/3rds of the continent (Figure 1; Hody and Kays 2018). However, by the 
mid 1900s, wolves were largely extirpated from the United States (US), with 
gray wolves and eastern wolves remaining in Canada and small 
populations of red wolves in the southeastern US (Nowak 2002, 2009). In 
more recent years, Great Lakes gray wolves (Canis lupus x Canis lycaon) 
have recolonized a portion of their former range in Michigan, Wisconsin, 
and Minnesota (Wydeven et al. 2009), while only a reintroduced population 
of red wolves remains in the wild in eastern North Carolina (Hinton et al. 
2013). Likely facilitated by the extirpation of wolves (i.e., the mesopredator 
release hypothesis; Nowak 1967, Hinton et al. 2022), coyotes began 
expanding eastward around 1900 and have now colonized nearly all of 
eastern North America, much of which was the historical range of wolves 
(Figure 1; Hody and Kays 2018). 
 
Admittedly, there is some uncertainty about the genetic origins and 
number of species of wolf in eastern North America (Rutledge et al. 2015, 
vonHoldt et al. 2016, vonHoldt & Aardema 2020, Sacks et al. 2021, Vilaça et 
al. 2023). For example, the latest evidence suggests that eastern wolves (in 
Canada) and red wolves (in the Southeastern US) are the same species 
(Boyd et al. 2023); therefore, it might make sense to group them when 
making comparisons with coyotes. Yet the habitat (and likely food 
availability) in these two regions is very different, which would complicate 
inference. Instead, I made comparisons within regions, where I compared 
a combination of eastern wolves and Great Lakes wolves (collectively 
referred to as northeastern wolves) to northeastern coyotes, and 
compared red wolves to southeastern coyotes (see Methods for details). 
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Figure 1. In A, I show an overview of where I reviewed studies on canid diet and ungulate predation in eastern 
North America. The gold region represents the eastern extent of coyote range in 1900 (per Hody and Kays 2018). 
The coyote study areas were within the area they colonized after 1900 and within the historical ranges of wolves 
in eastern North America. I delineated northeast and southeast using ecoregion level II boundaries (following 
USFWS 2016). In B, I show the distribution of canid diet studies, where NE and SE stand for northeast and 
Southeast, respectively. In C, I show the distribution of studies that tracked cause-specific mortality for 
white-tailed deer and moose. I classified studies on yearling deer as adults and some study sites contributed 
data for multiple age-classes (but points perfectly overlap). Illustrations created with BioRender.com. The gray 
wolf and coyote photos are in the public domain, while the red wolf credit is as follows: Red Wolf from United 
States (https://commons.wikimedia.org/wiki/File:Captive_Female_at_Sandy_Ridge_(6260981786).jpg), “Captive 
Female at Sandy Ridge (6260981786)“, https://creativecommons.org/licenses/by/2.0/legalcode.  
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 To estimate ecological replacement, I used existing literature to 1) compare 
the diets of wolves and coyotes and 2) quantify large-herbivore mortality 
attributable to these canids. I restricted the coyote data to regions within 
the historical (but not current) range of wolves (i.e., areas where coyotes 
have ‘replaced' wolves as the largest canid predator; Figure 1). Coyotes are 
substantially smaller than wolves: 11-17 kg in eastern North America 
(Hinton et al. 2019) compared to 20-38 kg for red wolves and eastern 
wolves (Hinton and Chamberlain 2014) and 26-45 kg for Great Lakes gray 
wolves (University of Minnesota). Due to relatively high energetic 
constraints imposed on larger bodies (Carbone et al. 2007), I hypothesized 
that wolves would be more specialized on larger prey compared to coyotes 
(Hinton et al. 2017, Benson et al. 2017; Table 1). As a consequence, I 
predicted that coyotes would have more diverse diets, which I tested by 
quantifying dietary diversity indices and by categorizing food items into 
distinct trophic levels. I also compared the size of wolf and coyote 
mammalian prey to more explicitly quantify differences in the size of their 
prey. Lastly, given the importance of large herbivore predation to 
understanding the ecological role of these canids, I compared the extent to 
which coyotes and wolves were responsible for ungulate mortality. I 
hypothesized that coyotes would primarily kill ungulate neonates while 
wolves would kill all age classes (Kilgo et al. 2012; Table 1). Ultimately, this 
study uses existing dietary ecology data to evaluate the extent to which a 
small carnivore has ecologically replaced large carnivores, and perhaps 
serves as an example of how to address this question in other systems as 
well.  

 

Table 1. Hypotheses and predictions for comparing coyote and wolf dietary ecology in eastern North America. 

Hypothesis Description Northeast predictions Southeast predictions 

Metabolic 
constraints 

Large carnivores (> 20 kg) are reliant 
on large prey due to high metabolic 
demands (Carbone 2007) 

Coyotes will have more 
diverse diets 

Coyotes will have more 
diverse diets 
 

Age-dependent 
vulnerability 

Ungulates are much less vulnerable to 
small carnivores after the first few 
weeks of life (Kilgo et al. 2012) 

Coyotes will kill just as many 
ungulate neonates but not 
but not as many adults 

NA (no red wolf data) 
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Methods and Materials 

Ranges and study design 

I curated studies on canid diets and ungulate mortality from eastern North 
America in the area that coyotes have colonized since 1900 (Figure 1a; 
Hody and Kays 2018). I compared coyotes in the Northeast to northeast 
(NE) wolves and coyotes in the Southeast to red wolves. To evaluate 
replacement by coyotes, I only studied coyotes within the historical ranges 
of wolves. Although there is some evidence that red wolves and eastern 
wolves are conspecific and their historical range included New England and 
New Brunswick (Nowak 2009, Boyd et al. 2023), I chose to delineate 
historical wolf ranges based on ecoregions (following USFWS 2016; Figure 
1), such that coyote studies representing the Southeast were more 
representative of systems where data on red wolves exist (the coastal 
Southeast). Specifically, I sourced Southeast coyote studies from the 
following level II ecoregions: Mississippi Alluvial and Southeast USA Coastal 
Plains, Ozark/Ouachita-Appalachian Forests, South Central Semi-Arid 
Prairies, Southeastern USA Plains, and Texas-Louisiana Coastal Plains. I 
sourced NE coyote studies from north of these ecoregions within historical 
wolf range (Figure 1). I defined the study area for NE wolves as their 
current range (Defenders of Wildlife 2019) but east of the historical coyote 
range and south of 52° N (Figure 1), while the study area for red wolves 
was anywhere in the southeast where studies occurred. Although coyotes 
were likely present in most of the wolf study sites, I assumed that they had 
little influence on wolf diets given wolves are the dominant species (Berger 
and Gese 2007).  
 

Canid diet data curation 

I sourced literature on canid diets from multiple sources, including existing 
literature reviews and database searches (Figure S1). Studies had to meet 
two criteria to be included in analyses: 1) they had to be within the study 
area(s) as defined above and in Figure 1, and 2) they had to report diet 
data as % frequency of occurrence (%FO) or a metric that could be 
converted to it. I restricted this dataset to %FO because it is the most 
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common metric, and diet quantification methods can be biased towards or 
against certain types of foods (Klare et al. 2011).  
 
For NE wolves, I started with the ‘eastern Canadian’ and ‘Great Lakes’ 
studies which met my criteria for inclusion within a gray wolf diet review 
(Newsome et al. 2016). I supplemented this with a July 1, 2024 Web of 
Science search for more recent studies not captured by this review. Here 
TS stands for ‘topic’ and restricts the search to the title, abstract, or 
keywords, while PY stands for published year: TS=("gray wolf" OR "canis 
lupus" OR “eastern wolf” OR “canis lycaon”) AND TS=("diet") AND TS=("Ontario" 
OR "Quebec" OR "Newfoundland" OR "Labrador" OR "Minnesota" OR 
"Wisconsin" OR "Michigan") AND PY=(2014-2024). I also used a July 1 2024 
Web of Science search for red wolf diets: TS=("red wolf" OR "canis rufus" ) 
AND TS=(“diet”). For coyotes, I started with the literature from a 
continental-scale coyote diet review (Jensen et al. 2022) within the 
northeastern and southeastern coyote study areas. I also supplemented 
this with a July 1, 2024 search for recent studies not captured by this 
review: TS=("coyote" OR "canis latrans”) AND TS=("diet") AND PY=(2020-2024). 
 
From each study, I quantified the amount of 11 food categories: 1) small 
rodents (hereafter ‘rodents’; ~0.1 kg); 2) small mammals (e.g., rabbit; ~0.1-2 
kg); 3) medium-sized wild mammals (e.g., beaver; ~4-21 kg); 4) 
medium-sized wild ungulates (e.g., adult deer; ~23-130 kg); 5) large wild 
ungulates (e.g., adult moose; ~240-650 kg); 6) wild birds; 7) domesticated 
species; 8) insects; 9) fruit; 10) garbage; and 11) other (including large 
carnivores and fish). These are the same categories used by the gray wolf 
diet review (Newsome et al. 2016) with the addition of insects, which I 
added since coyotes often eat insects. For most prey categories, I summed 
values for different species within a single category. However, small prey 
item values are potentially artificially inflated when using %FO because 
multiple species can be in a single sample (Reynolds & Aebischer 1991). 
Therefore, for rodents, fruit, and insects, I recorded the largest %FO value 
for a species in those categories (Doherty et al. 2018). If a study reported 
data from multiple seasons, I treated each of these as separate datasets. I 
used web plot digitizer (Rohatgi 2023) to quantify amounts when they were 
only presented in figures. I also recorded the sample size and sample type 
(scat and/or intestinal tracts) from each study to test if they explained 
variation in the data.  
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I made adjustments based on the local availability of some key species and 
temporarily available neonate ungulates. For local availability, I excluded 
zero values for moose (Alces alces), white-tailed deer (Odocoileus 
virginianus: e.g., Isle Royale), and nutria (Myocastor coypus) within datasets 
where these species were not present according to their ranges on IUCN 
(ungulates; IUCN 2024) or the USGS (nutria; Procopio 2024). Although this 
does not fully mitigate the problem of spatial variation in prey availability, I 
think it helps. For neonate ungulates, I used diet datasets that reported 
neonates and adults separately (i.e., summer or fawning season 
timeframes; n = 19) to estimate the proportion of each age class for the 
summer and fawning season datasets that did not differentiate (n = 33). I 
did this by calculating the mean ungulate age class ratio and applying this 
ratio to the total ungulate frequency of occurrence for the studies that did 
not differentiate by age class. I did this separately for deer and moose and 
each focal canid. This allowed me to count white-tailed deer fawns (~3-16 
kg) as medium-sized mammals and moose calves (~13-60 kg) as 
medium-sized ungulates since the wild mammal categories were 
differentiated by mass. 
 

Dietary breadth 

I predicted that coyotes would have more diverse diets compared to 
northeastern wolves and red wolves (Table 1). First, I compared dietary 
diversity by quantifying Levins’ measure of niche breadth for each dataset 
(Levins’ B; Levins 1968). I describe the statistical analysis to make this 
comparison (and other dietary comparisons) in a later section. I used all 
food categories except ‘other’ to calculate Levins’ B, which ranges from 1 to 
n food categories, where larger values indicate a more diverse diet. For a 
given dataset, Y was the total number of samples and Nj was the number 
of samples containing the jth food category of interest: 
 

 𝐵 = 𝑌2

Σ𝑁
𝑗
2

 
Next, I tested for differences in trophic effects by reclassifying food items 
into five trophic levels. At the bottom were primary producers, which was 
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just the fruit category. Next was small herbivores, which was the sum of 
rodents, small mammals, and insects. Next was medium herbivores, which 
were medium-sized mammals (not including Carnivora and opossums 
(Didelphis virginiana)). Next was large herbivores, which was a sum of 
medium and large wild ungulates. At the top was omnivores, which was a 
sum of birds, Carnivora, and opossums. I predicted that coyotes would eat 
more primary producers, more small herbivores, less medium herbivores, 
and less large herbivores (Levi & Wilmers 2012, Newsome et al. 2016, 
Jensen et al. 2022). 
 

Size of wild mammals in diet 

Here, I tested the hypothesis that energetic constraints imposed on larger 
bodies would lead to wolves consuming larger prey than coyotes (Carbone 
et al. 2007; Table 1). I first individually compared the five categories of wild 
mammals: rodents, small mammals, medium-sized mammals, 
medium-sized wild ungulates, and large wild ungulates. I then calculated 
the weighted average mass for each dataset by multiplying the average 
mass of each mammal category by its proportion in the diet from that 
dataset (the weighting factor) then summing those values. The average 
mass for each mammal category was as follows: rodent = 0.1 kg; small 
mammal = 2 kg; medium mammal = 11 kg; medium ungulate = 92 kg; large 
ungulate = 351 kg (Newsome et al. 2016). 
 

Diet statistical analysis 

I used generalized linear mixed models using the glmmTMB package 
(Brooks et al. 2019) for all diet analyses. The focal predictor variable was 
always canid species and site was always a random effect. I used site as a 
random effect to reduce the risk of pseudoreplication (assuming that the 
greatest source of variation was across different areas and not within 
studies themselves). The response variables were Levins’ B with a Gaussian 
distribution for the dietary diversity analysis; percent frequency of 
occurrence with a negative binomial distribution for the trophic levels and 
individual size category analyses; and mass-weighted frequency of 
occurrence (log-transformed) with a Gaussian distribution for the overall 
size analysis. I used a negative binomial distribution rather than a binomial 
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distribution because there were two datasets where sample size was not 
reported (limiting my ability to treat them as count data). Prior to each 
main analysis, I tested for an effect of sample size and sample type on the 
response variable and carried that variable into the final model comparing 
canids if 95% confidence intervals did not overlap zero. Here are the 
general models for the northeast: 
 

 𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 (𝐿𝑒𝑣𝑖𝑛𝑠' 𝐵 𝑜𝑟 %𝐹𝑂 𝑜𝑟 𝑚𝑎𝑠𝑠𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 %𝐹𝑂) ~
 𝑐𝑎𝑛𝑖𝑑 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 (𝑁𝐸 𝑤𝑜𝑙𝑓 𝑜𝑟 𝑁𝐸 𝑐𝑜𝑦𝑜𝑡𝑒) +

 𝑠𝑎𝑚𝑝𝑙𝑖𝑛𝑔 (𝑠𝑎𝑚𝑝𝑙𝑒 𝑠𝑖𝑧𝑒 𝑎𝑛𝑑 𝑠𝑎𝑚𝑝𝑙𝑒 𝑡𝑦𝑝𝑒,  𝑤ℎ𝑒𝑛 𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡) +
 𝑠𝑡𝑢𝑑𝑦 𝑠𝑖𝑡𝑒 (𝑟𝑎𝑛𝑑𝑜𝑚 𝑒𝑓𝑓𝑒𝑐𝑡)

 
I carried sample size into the primary consumer, medium-sized mammal, 
and small mammal models, but in each case, 95% confidence intervals 
overlapped zero when included with canid species, which I interpreted to 
mean that sample size had marginal effects on the response variables. I 
checked the fit of each model with the DHARMa package (Hartig 2018), 
where I interpreted p-values > 0.05 as evidence that model residuals were 
not over- or underdispersed. All analyses were conducted in R version 
2024.04.2 and code used in analyses is available on Figshare: 
https://figshare.com/s/e0b2e7690376479672f6. 
 

Cause specific ungulate mortality 

I sourced data on white-tailed deer and moose mortality from multiple 
sources, including existing reviews and literature searches. I did 
exploratory searches for elk and caribou, but there were not enough 
spatially-relevant studies to include them. For white-tailed deer fawns, I 
started with a 2018 review on cause-specific mortality (Gingery et al. 2018). 
I also looked at the literature cited by Kilgo et al. (2019) and Linnel (1995). I 
then searched for additional studies in Web of Science as follows. 
White-tailed deer fawns: TS=(“white-tailed deer” OR “Odocoileus virginianus”) 
AND TS=(“survival” OR “mortality” OR “predation”) AND TS=(“fawn” OR 
“neonate”). Adult white-tailed deer: TS=(“white-tailed deer” OR “Odocoileus 
virginianus”) AND TS=(“survival” OR “mortality” or “predation”) AND 
TS=(“adult”). Moose calves: TS=(“moose” OR “Alces alces”) AND TS=(“survival” 
OR “mortality” or “predation”) AND TS=(“calf” OR “neonate”). Moose adults: 
TS=(“moose” OR “Alces alces”) AND TS=(“survival” OR “mortality” or “predation”) 
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AND TS=(“adult”). Some studies were on yearlings (between 3 and 12 
months old - typically winter survival studies), so I recorded them as a 
separate age class. For each study, I recorded the percent of mortalities 
attributable to coyotes or wolves. There were five studies without 
predator-specific mortality data, but I obtained this data by emailing the 
authors. 
 
I predicted that coyotes would kill a similar proportion of ungulate 
neonates but fewer adults compared to wolves (Kilgo et al. 2014, Benson et 
al. 2017; Table 1). The main comparison was between NE coyotes and NE 
wolves because I did not find any studies on ungulate mortality where red 
wolves occurred. However, I also report means for white-tailed deer 
mortality from SE coyotes without comparison since there were numerous 
studies in the Southeast. Models were structured similarly to the diet 
analyses, where percent mortality was the response variable (with a 
negative binomial distribution), and canid species was the predictor 
variable: 
 

 𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 (𝑓𝑜𝑟 𝑔𝑖𝑣𝑒𝑛 𝑠𝑝𝑒𝑐𝑖𝑒𝑠/𝑎𝑔𝑒 𝑐𝑙𝑎𝑠𝑠) ~
 𝑐𝑎𝑛𝑖𝑑 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 (𝑁𝐸 𝑤𝑜𝑙𝑓 𝑜𝑟 𝑁𝐸 𝑐𝑜𝑦𝑜𝑡𝑒)

 
I did not include study site as a random effect in this case because study 
areas were independent within age classes. I analyzed white-tailed deer 
fawns and adults separately and considered the difference between NE 
coyotes and NE wolves to be significant if 95% confidence intervals did not 
overlap zero. I did not find enough studies on white-tailed deer yearlings or 
on any age class of moose to conduct statistical analyses (Table 2), so for 
these datasets, I simply compared the average percent mortality 
descriptively. 
 

Results 
I found 138 datasets on coyote (n = 105) and wolf (n = 33) diets from 59 
unique study sites distributed across eastern North America (Figure 1, 
https://figshare.com/s/749e1923ab711efccf8f). 
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Dietary breadth 

I found support for my dietary diversity predictions (Table 1) as coyotes 
had more diverse diets than wolves in both the Northeast (estimate [95% 
confidence intervals] = 1.56 [0.93 : 2.20]) and in the Southeast (0.93 [0.15 : 
1.71]). 
 
I found that coyote and wolf diets differed significantly across every trophic 
level in the Northeast (Figure 2). NE coyotes ate more primary producers 
(estimate [95% confidence intervals] = 2.06 [1.38 : 2.75]), more small 
herbivores (2.29 [1.92 : 2.67]), and more omnivores (2.82 [1.79 : 3.85) than 
NE wolves. However, NE coyotes ate less medium herbivores (-1.54 [-2.34 : 
-0.73]) and less large herbivores (-0.36 : [-0.68 : -0.03]). In the Southeast, 
coyote and wolf diets differed across three of five trophic levels (Figure 2). 
SE coyotes ate more primary producers (2.43 [1.21 : 3.65]) and more 
omnivores (1.27 [0.46 : 2.08]), but less medium herbivores (-1.08 [-2.15 : 
-0.02]). SE coyotes and red wolves ate similar amounts of small herbivores 
(0.22 [-0.31 : 0.75]) and large herbivores (0.76 [-0.24 : 1.77]). Thus, the 
consistent differences across both regions were coyotes eating more 
primary producers and more omnivores, while eating less medium 
herbivores (Figure 2). 
 

Size of mammals in diet 

In the northeast, the size of mammalian prey differed between wolves and 
coyotes across every category but one (Figure 3). Coyote ate more rodents 
(1.89 [1.33 : 2.45] and small mammals (1.82 [1.20 : 2.44], but less medium 
mammals (-1.12 [-1.88 : -0.36]), less large wild ungulates (-2.07 [-3.23 : 
-0.91]), and similar amounts of medium wild ungulates (-0.19 [-0.75 : 0.38]). 
In line with my prediction (Table 1), coyotes also ate smaller mammals 
overall, averaging 60 kg to NE wolves 98 kg (-0.75 [-1.25 : -0.26]; Figure 3). 
In the Southeast, the prey size distribution for coyotes and red wolves was 
more similar (Figure 3). The only differences were coyotes ate less small 
mammals (-0.70 [-1.36 : -0.40]) and medium mammals (-1.16 [-2.14 : -0.18]). 
Coyotes and red wolves ate similar amounts of rodents (0.58 [-0.30 : 1.46]) 
and medium ungulates (0.76 [-0.24 : 1.77]), and, in contrast to my 
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prediction, the average size of mammals in their diet was similar (27 kg 
and 23 kg; -0.03 [-1.06 : 0.99]; Figure 3). 
 

 

 
Figure 2. How canid diets were distributed across five trophic levels. Percentages are the average frequency of 
occurrence, where each trophic level is composed of one or more categories of food as follows: primary producers 
= fruit; small herbivores = small rodents, small mammals, and insects; medium herbivores = medium mammals 
plus juvenile medium ungulates minus carnivores and opossums; large herbivores = adult medium ungulates and 
large ungulates; omnivores = Carnivora, opossums, and birds. Note that since diets are measured in frequency of 
occurrence (percent of scats containing a given food category), the total percentage for each canid can sum to > 
100%. In addition, each trophic level is scaled separately such that the height of the bars should only be compared 
across that level. The * indicates a significant difference between canids within that region for that level. 
Illustrations from BioRender.com. 
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Figure 3. Comparing the size of mammalian prey for canids in eastern North America. In panels A and B, error 
bars represent standard error and a plus sign indicates significant differences (where 95% confidence intervals do 
not overlap zero). White-tailed deer fawns were included in the medium-sized mammal category while moose 
calves were included with the medium-sized wild ungulate category. Panels C and D show the average mass of 
mammalian prey, weighted by the frequency of occurrence in their diet. Illustrations from BioRender.com. 
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Comparing cause-specific ungulate mortality 

I found 66 studies on ungulate mortality distributed across eastern North 
America, with 51 on white-tailed deer and 15 on moose (Figure 1, Table 2, 
https://figshare.com/s/0349843e290e94244e7c). For white-tailed deer, 55% of 
studies were on fawns, 35% were on adults, and 10% were on yearlings. 
There were no studies on yearlings from the Southeast (Table 2). Moose 
studies were more evenly distributed across age-classes, with 40% from 
calves, 33% from adults, and 27% from yearlings. 
 
For the white-tailed deer fawn analysis, I found that NE coyotes were 
responsible for a greater percentage of fawn mortality (28%) on average 
compared to NE wolves (15%; estimate [95% confidence intervals] = 0.97 
[0.01 : 1.93]) as predicted, but SE coyotes killed the largest percentage (40%; 
Figure 4). However, in contrast to my prediction, NE coyotes killed a similar 
percentage of adult white-tailed deer (18%) compared with NE wolves (22%; 
-0.39 [-1.71 : 0.92]), whereas SE coyotes killed the lowest percentage (6%). NE 
coyotes also killed 28% of yearling white-tailed deer. Although there were not 
enough moose studies to conduct statistics, there were clear differences 
between wolves and coyotes (Figure 4): NE wolves killed a substantial portion 
of moose calves (40%) and adults (19%), while coyotes were not documented 
killing either age class. 
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Figure 4. Comparing white-tailed deer (A) and moose mortality (B) caused by wolves and coyotes in eastern North 
America. Letters represent significant differences and there are no letters for moose because sample sizes were too 
small to conduct statistical analyses. Error bars represent standard error. Illustrations from BioRender.com. 
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Table 2. Summary of sample sizes for ungulate mortality studies from eastern North America. There were no 
moose studies from the Southeast because moose do not occur there. 

Ungulate species Age-class Northeast 
wolf 

Northeast 
coyote 

Red wolf Southeast 
coyote 

Total 

White-tailed deer Fawn 5 8 0 15 28 

 Yearling 1 4 0 0 5 

 Adult 3 6 0 9 18 

 Species 
total  

9 18 0 24 51 

Moose Calf 5 1 NA NA 6 

 Yearling 0 4 NA NA 4 

 Adult 3 2 NA NA 5 

 Species 
total 

8 7 NA NA 15 

 

 
 

 
Discussion 
I compared the top-down effects of coyotes and wolves in eastern North 
America and present three main takeaways: 1) coyotes have broader diets 
than wolves. In particular, the relatively high consumption of primary 
producers (wild fruits) and omnivores (birds and Carnivora) highlight 
interactions with trophic levels both below and above the levels wolves 
primarily consume (Marneweck et al. 2022). 2) There are key mammals 
that wolves kill, which coyotes largely do not: moose in the northeast and 
two ecologically important medium-sized herbivores (beavers and nutria). 
Unless coyotes can adapt to kill more of these species, they will still only 
partially fill the ecological role of wolves. 3) Coyotes and wolves are both 
adept predators of white-tailed deer, but the age-classes they kill seem to 
be largely complementary. This suggests that direct and indirect effects 
from coyotes are largely temporally constrained to fawning season 
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(particularly in the Southeast) and that regulation on deer populations 
could be strongest where wolves and coyotes co-occur (Sih et al. 1998). 
Despite some sample size limitations for red wolves, my findings suggest 
that coyotes are likely filling a similar (if not broader) ecological role to this 
imperiled species (McVey et al. 2013). However, the rarity with which 
northeast coyotes kill moose (Benson et al. 2017) and beaver restricts their 
capacity to replace northeastern wolves.  
 
Compared to wolves, coyotes likely have stronger top-down effects on the 
lowest trophic levels, with potential cascading ecological effects. Primary 
producers (mostly fruits) were ~10x more common in coyote diets, which 
could have at least two ecological implications. First, coyotes are likely 
contributing to (long-distance) seed dispersal for many of the fruits that 
they are eating (Willson 1993, Roehm & Moran 2013, Webster et al. 2024), 
which can also indirectly benefit granivorous rodents and secondary seed 
dispersers (Shakeri et al. 2018). Although there have been local studies on 
coyote seed dispersal, it remains unclear how this behavior has influenced 
communities across newly colonized regions (if at all). Second, these 
primary producers are typically only available for several weeks to months 
and so represent resource pulses (Ostfeld & Keesing 2000), which can 
potentially buffer short-term predation on other prey (Deacy et al. 2017), 
including vulnerable ungulate neonates. However, it is also possible that 
these resource pulses (and broader diets more generally) could maintain 
coyote populations at high densities even when populations of deer (and 
other prey) decline (Cherry et al. 2016, Benson et al. 2017). This could 
mean that coyotes continue to drive declines in populations of vertebrate 
prey even after prey become scarce, which would contrast with wolves, 
whose populations tend to be coupled with the populations of their large 
prey (Fuller 2003). 
 
By contrast, medium herbivores were minor components of coyote diets, 
while they were a substantial portion of wolf diets. For NE wolves, the most 
common medium herbivore by far was beaver (Castor canadensis) – found 
in 33% of wolf samples on average. By killing dispersing beavers, wolves 
have been shown to alter when and where these ecosystem engineers 
alter ecological processes like creating wetlands (Gable et al. 2020). This 
beaver suppression is clearly not widely replaced by NE coyotes, as 
beavers were found in only 2% of their samples on average. For red 
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wolves, nutria was the most common medium herbivore, found in 54% of 
scats. Nutria are also an ecologically important species because they are 
non-native and degrade wetland ecosystems via intensive herbivory 
(Friederike and Siebert 2020). Although most SE coyote studies were 
outside nutria’s North American distribution (along the Gulf Coast and 
mid-Atlantic Coast; Procopio 2024), there were five studies that overlapped 
with nutria range, none of which documented nutria in coyote diets. It 
should also be noted that the relatively high nutria consumption rate for 
red wolves was primarily driven by older studies in the Gulf Coast, whereas 
nutria were rarely reported in studies from eastern North Carolina (e.g., 
Hinton et al. 2017). Without more data on red wolves, it is difficult to 
assess how widespread their consumption of nutria is. Given both beaver 
and nutria are aquatic, these dietary differences could reflect avoidance of 
wetlands by coyotes compared to wolves (which seems to be the case in 
North Carolina; Hinton et al. 2015, 2016). Regardless, these differences in 
consumption of medium herbivores have two implications. First, they 
reveal a rather stark ecological difference between coyotes and large 
carnivores which has been largely overlooked; previous research has 
focused on comparing their impacts on large herbivores (Benson et al. 
2017, Hinton et al. 2017, Petroelje et al. 2021) or mesocarnivores (Avrin et 
al. 2023). Second, the consistent use of medium-sized herbivores 
(particularly beavers) by wolves suggests that a specialization on larger 
prey predicted by energetic constraints (Carbone et al. 2007) can include 
prey smaller than just large herbivores. 
 
Large herbivores (deer and moose combined) were an important 
component of both coyote and wolf diets in the northeast, but this belied 
clear differences in predation on each ungulate species and age class. NE 
wolves ate both deer and moose a similar amount and killed a substantial 
portion of both neonates and adults of both species. By contrast, deer 
were much more important in NE coyote diet than moose, and the 
mortality data suggest that the moose they did eat were largely scavenged. 
Indeed, despite killing just as many adult deer and more fawns than wolves 
in the northeast, coyotes were not documented killing any moose calves. 
Perhaps moose calves represent a higher risk (if defended by the mother) 
or coyotes are more adapted to hunt white-tailed deer, given their ranges 
overlap in eastern North America more than they overlap with larger 
ungulates (like moose and elk; IUCN 2024). Regardless, I was somewhat 
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surprised not to document any moose mortality attributed to coyotes, 
given they have been documented killing moose in Ontario and Nova 
Scotia (Benson & Patterson 2013, Gehrt et al. 2023). Coyotes could adapt to 
kill more moose, particularly in areas where they hybridize with wolves 
(Kays et al. 2010); yet for now, killing the largest herbivores appears to be a 
clear distinction between wolves and coyotes (Benson et al. 2017). 
 
Although I found no data on ungulate mortality for red wolves, there are 
still interesting comparisons to make using other results from the 
Southeast. For example, I estimated that fawns represent slightly more of 
the total deer consumed in the summer by coyotes (79%) compared to red 
wolves (68%; Figure S3). This may reflect slightly higher rates of adult deer 
predation by red wolves, which is supported by previous studies from the 
red wolf recovery area (Hinton et al. 2017). Although it is worth noting that 
the number of summer diet datasets that differentiated between deer age 
classes was limited for red wolves (n = 1) and somewhat limited for coyotes 
(n = 6). However, the year-round mortality data revealed that coyotes were 
responsible for a large portion of fawn mortality (40%) but rarely 
responsible for adult deer mortality (6%), supporting the high fawn 
representation in summer coyote diets. This aligns with past work in the 
Southeast, which highlights how coyotes are particularly effective fawn 
predators (Kilgo et al. 2014, 2019) also capable of killing adults (Chitwood 
et al. 2014). Deer are a substantial portion of coyote diets year-round in 
the Southeast (Jensen et al. 2022), which has led to debate about how they 
are obtained outside of fawning season. On one hand, fawn survival 
studies consistently show that predation quickly declines as the fawn ages 
(e.g., Kilgo et al. 2012, Nelson et al. 2015), suggesting that vulnerability 
would continue to decline into the fall and perhaps winter as well. Indeed, 
harsh winters and larger coyotes in the northeast (Hinton et al. 2019) likely 
partially explain higher rates of mortality on adult deer in this region (Kays 
et al. 2010). Furthermore, coyotes are proficient scavengers (Prugh & Sivy 
2020, Ruprecht et al. 2021, Jensen et al. 2023), which combined with 
relatively low percentage of mortality on adult deer in the Southeast, 
supports the argument that scavenging represents the majority of deer in 
coyote diets outside of fawning season. On the other hand, some SE 
coyote studies have suggested that predation on adults primarily explains 
year-round consumption because coyote behavior and temporal peaks in 
consumption are not consistent with scavenging (Cherry et al. 2016, Hinton 
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et al. 2017, Ward et al. 2018, Youngmann et al. 2022). Future studies could 
help answer this question definitively by continuing to monitor fawns 
through their first year of life (Ward et al. 2018). 
 
Quantifying differences in age-class specific predation rates on ungulates 
and how those rates ultimately influence community dynamics is key for 
comparing the ecological effects of apex carnivores. Variation in predation 
rates across age classes determines the phenology of direct effects, where 
populations of carnivores that just kill neonates are only a threat in the 
summer, whereas the ability to kill adults extends their direct effects 
throughout the year. This would be particularly important in systems 
where predation on adult females is additive, given their survival can drive 
ungulate population dynamics (Robinson et al. 2014); and studies that link 
predation on specific age classes to ungulate population reductions would 
be the best evidence of top-down effects (Kilgo et al. 2014). Killing adult 
large herbivores can also influence systems in ways that smaller prey 
cannot, as large carcasses can provision scavengers and alter the 
distribution of soil nutrients (Selva & Fortuna 2007, Bump et al. 2009). 
Indeed, scavenged ungulates are an estimated 30% of mesocarnivore diets 
globally (Prugh & Sivy 2020), highlighting how this behavior can provide 
substantial benefits to other species despite also creating hotspots of 
encounter risk with large carnivores (Sivy et al. 2017). Thus, my results 
suggest that coyotes have partially replaced these indirect top-down 
effects in the northeast by killing adult deer (but not moose), while these 
effects are marginally replaced in the Southeast due to rarely killing adult 
deer. 
 
In addition to herbivores, carnivores can also impact populations of 
omnivores and other species of (subordinate) carnivores (Prugh et al. 
2009). Here, I found that coyotes eat more omnivores, with potentially 
important ecological implications. Birds were the majority (75%) of this 
trophic level for coyotes, highlighting another example of a clade that 
coyotes eat, but wolves rarely do. The remainder of this trophic level was 
mesopredators (i.e., raccoon, striped skunk, opossum; Procyon lotor, 
Mephitis mephitis), which, although found in a small portion of both coyote 
(~3%) and wolf samples (< 1%), could reflect stronger top-down effects 
from the more similarly-sized coyotes on mesopredators (Ritchie & 
Johnson 2009). Indeed, coyotes have been shown to have strong negative 
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effects on foxes (Fedriani et al. 2000, Levi & Wilmers 2012), but mixed or 
neutral effects on other species like bobcats (Lynx rufus) and raccoons 
(Gehrt & Prange 2007, Dyck et al. 2022), suggesting that impacts are 
species- and context-specific. In the absence of wolves, coyotes have been 
hypothesized to target intermediate-sized prey (e.g., rabbits) and suppress 
foxes, thereby releasing pressure on both small prey (e.g., rodents - fox 
prey) and large prey (e.g., deer - wolf prey; Levi and Wilmers 2012). Yet my 
findings here show that coyotes regularly kill small prey and large prey 
(although most deer predation in the Southeast is likely via fawns). Taken 
together, this suggests that coyotes have not only partially replaced wolves 
but perhaps foxes as well. 
 
This study has several limitations, which future work could address. First, 
although I tried to maximize the similarity in ecological conditions when 
making comparisons, differences in prey availability could also partially 
explain my findings. For example, it is possible that moose are more 
abundant (relative to deer) at wolf study areas compared to coyote study 
areas, partially explaining why wolves eat and kill more moose. Second, 
although it is clear that coyote diets could be influenced by wolves, I 
assumed that wolf diets were not influenced by coyotes. It is possible that 
coyotes could shape wolf diets, perhaps by scavenging their kills or being 
more efficient predators of some prey species (e.g., deer fawns, small 
rodents). One potential solution to these limitations could be using stable 
isotope analysis on wolf specimens from their historical ranges and 
comparing those data to stable isotope data from coyotes that overlap 
spatially. Third, although diet and prey mortality data are useful, there is a 
need for population data to quantify how different diets scale up to shape 
the population dynamics of their prey (Emerson et al. 2024). For example, 
Benson et al. (2017) predicted that coyotes would be more likely than 
wolves to have destabilizing effects on prey populations because their 
dietary flexibility will allow them to maintain high densities even when key 
prey populations decline. Natural experiments with good data on changes 
in large carnivore abundances will continue to provide insight into how 
their presence alters systems (Levi & Wilmers 2012, Bragina et al. 2019, 
Murray et al. 2023).  
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Conclusions 
One of the key arguments for global large carnivore restoration is that they 
have irreplaceable top-down effects (Estes et al. 2011), yet this had yet to 
be tested at a broad scale. Unlike NE wolves, NE coyotes rarely kill moose 
and beavers; thus these roles in particular could be cited to promote wolf 
recovery in regions where managers want to regulate populations or the 
behavior of these herbivores. In the southeast, I highlight the control of an 
invasive species (nutria) as an ecosystem service performed by red wolves 
(in their historical range) but apparently not by coyotes. More broadly, this 
finding supports a growing number of examples of invasive species control 
by large carnivores, including pumas killing feral horses (Andreasen et al. 
2021) and wolves suppressing wild pig populations (Villeneuve et al. 2022). 
However, unlike northeastern wolves (and gray wolves more generally), 
red wolf recovery has been arduous and nonlinear (USFWS 2023). Thus, if 
the wild red wolf population never expands outside of the recovery area in 
eastern North Carolina (or fails), it may be some consolation that coyotes 
seem to have fairly similar top-down effects across the historical range of 
this imperiled wolf species.  
 
Carnivore ecology is multi-dimensional, and I only compared dietary 
ecology (Figure 5), leaving several avenues open for future research. First, 
there has been growing inquiry into indirect (non-consumptive) effects 
from predators (Say-Sallaz et al. 2019). A series of studies in the Southeast 
suggest that coyotes have measurable effects on deer antipredator 
behavior and reproduction (Cherry et al. 2015, 2016), while other studies 
suggest that mesocarnivores do not change their prey or competitor’s 
behavior like larger carnivores can (Schuttler et al. 2017, Shores et al. 2019, 
Avrin et al. 2023). A comparative synthesis on indirect effects in the context 
of ecological replacement would complement this paper well. Second, 
habitat use is relevant in this context of ecological replacement – wolves 
are more or less restricted to forests due to human persecution, while 
coyotes are much more cosmopolitan (Kays et al. 2008, Benson et al. 
2012). Indeed, many mesopredators have a higher tolerance for 
human-induced disturbance and therefore are exerting their top-down 
effects in systems where large carnivores do not (and likely would not even 
if they were to recolonize more of their historic ranges; Van Den Bosch et 
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al. 2022). Along these lines, comparing human attitudes on large and 
smaller carnivores (Weckel et al. 2015), and even how they influence 
attitudes on wildlife more broadly (Gompper 2002), could be an important 
future line of inquiry in the context of ecological replacement. Ultimately, 
my findings show that smaller carnivores can (at least) partially) replace 
the ecological roles of large carnivores, and understanding where and how 
they differ will help us make ecologically informed management decisions. 
 

 
Figure 5. A graphical summary showing key comparisons between the dietary ecology of coyotes and wolves. 
Superscripts: a) the average frequency of occurrence of fruit in diet; b) the average mass of mammal prey 
(weighted by frequency of occurrence) in diet. I also show the average cause specific mortality attributed to 
wolves and coyotes for two ungulate species and age classes. Illustrations from BioRender.com. 
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